The physicochemical condition of the blood plasma in edema has been the subject of much interest due to the attention which Fisher's (1) writings have drawn to the r6le of the colloids. In connection with a discussion of the causes of defective water secretion by nephritic kidneys, Fisher suggested that "acid acts upon the tissues of the body including the blood and lymph. The increased hydration capacity resulting from this makes the tissues hold more water in combined form (maintenance of body edema) while at the same time it prevents water becoming 'free' in the arterial blood stream." A review of the evidence for and against this theory is entirely outside of the scope of this paper. Our interests regarding Fisher's theory are chiefly directed towards the researches recently published by Beckmann (2) .
By a process of ultrafiltration Beckmann studied the "free" water con-tent of the blood plasma of seven cases of edema with varying etiological factors. In some instances he obtained a diminished amount of ultrafiltrate. Beckmann assumes that the amount of ultrafiltrate obtained from certain of these patients was diminished because the plasma colloids were swollen and held part of the water of the blood in combination so that it was not obtained by the process of ultrafiltration. In other instances where he obtained an increased amount of ultrafiltrate, he assumes that a converse physicochemical change had occurred in the plasma proteins, i.e., they were shrunken, thus lessening their ability to combine water, which would result in an increased amount of free water in the blood plasma.
8FREE WATER OF PLASMA
Beckmann used the method of ultrafiltration described by Ellinger and Neuschlosz (3) . He also made quantitative determinations of the dry residue of the blood plasma and of the plasma proteins. He assumes that quantitative differences in the dry residue may cause variation in the amount of ultrafiltrate delivered, independent of the shrunken or swollen condition of the plasma colloids and developed a formula to correct for this variation.
Our purpose in undertaking this research is not to utilize the formula developed by Beckmann, but simply to determine whether measurable differences from the normal can be found in the amount of water obtained by ultrafiltration from the plasma of patients with varying types of nephritis and edema, and to determine whether these differences, if present, bear any relationship to quantitative variation in the plasma proteins. Moreover, if in edema the plasma proteins become shrunken or swollen, such changes should be detected by using ultrafilters of graded permeabilities.
METHOD
The details of the technique employed in the process of ultrafiltration and the contributions of pioneer workers have been discussed by Bechhold (4) ; more recently Zilva (DuPont) by suspending each with a loop of thread sewed through the upper part 1 cm. from the top and filling with the gel. The gel was of such consistency that complete impregnation (indicated by drops of gel falling from the outer surface of the sac) occurred in 3 to 5 minutes. The excess of parlodion was allowed to drain off, 578 then the sacs were fixed in distiUed water and washed in running water for 12 hours. When not in use they were kept under distilled water in the ice chest. The membranes were brought into the pressure system by mounting each on a perforated rubber stopper of slightly less diameter than the membranes. Short glass tubing, one end of which was connected to the pressure system, the other end passing diseases is exceedingly variable, or sufficient uniformity in the permeability of the membranes made according to the method described above, had not been attained.
This second possibility was investigated, and the results of an experiment planned to test the uniformity of the ultrafiltration sacs are given in table 2. In this test 12 sacs were used; 5 cc. of blood plasma from the same dog was placed in each sac and the sac fitted to the pressure apparatus. At the end of 3 hours a 37 per cent variation was found in the total amount of protein-free ultrafiltrate delivered from the several sacs. Obviously this difference was due, not to a change in the "free" water content of the blood plasma of the dog, but to differences in the ultrafiltration membranes.
Recognizing the need of a more constant degree of permeability in our membranes, we attempted to eliminate variations in the thickness by using a gel (7 per cent glacial acetic acid solution of parlodion) of such consistency that the paper Soxhlet thimbles were completely impregnated in 2.5 to 3 minutes. They were then drained and dried for 8 minutes, immersed in the gel, drained again for 5 minutes, fixed in distilled water and washed as already described. The Critical examination of the technique and further analysis and experimentation showed that the low values were due to lessened permeability of the membranes, and that these ultrafilters had changed during the process of using, and would no longer deliver 5 cc. of distilled water in 90 minutes. This tendency to change in permeability makes it necessary to know the degree of permeability of the membranes at the end of each experiment as well as at the beginning. We -find that the membranes usually become changed as a result of the first ultrafiltration of blood plasma, so that instead of delivering 5 third, exposure to drying during the preparation for an experiment; fourth, the adsorption of colloidal substances by the gel.
The data submitted in table 2 show that uniform results cannot be obtained from blood plasma of the same subject where the above factors are operating in an unknown way. The 12 membranes used in the series of table 2 had not been previously used, so the 50 per cent difference found in the amounts of ultrafiltrate obtained from the same blood is due either to changes in the permeability that occurred during the process of making, or to differences in the amounts of adsorption which took place during the experiment.
Proper emphasis must be placed upon the important factor of adsorption. If our work had been interrupted at the point where the investigations of table 3 were completed, we could have advocated the false conclusion that the water available, by methods of ultrafiltration, from the blood plasma of normal women, postpartum patients and patients with toxemias of pregnancy, is 40 to 50 per cent less than that available from normal men. The results were obtained from membranes used several times without recalibration.
Comparable amounts of ultrafiltrate may be obtained from membranes of the same calibration, but recalibration is necessary after each experiment in order to make sure that the permeability has not changed during the experiment.
Standardized membranes, recalibrated, were used for the experiments given in table 4 . These results indicate that the quantity of ultrafiltrate obtained in three hours with pressure of 77 mm. Hg from blood plasma of normal individuals, postpartum patients (both uncomplicated and of the toxemia group), chronic and acute nephritis with and without palpable edema, does not vary to any significant degree. Further evidence supporting these results was obtained from the following experiments which differs from those previously reported, only in that the time for the ultrafiltration was extended until no more fluid was delivered from the membranes (9 to 15 hours). The blood plasma from 10 subjects was tested for "free" water content according to the process of ultrafiltration. The subjects included 3 patients with
